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TITLE OF THE INVENTION 
METHOD OF MANUFACTURING SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED APPLICATIONS i 
This application is based upon and claims the 
benefit of priority from the prior Japanese Patent 
Application No. 11-183908, filed June 29, 1999, the 
entire contents of which are incorporated herein by- 
reference. 

BACKGROUND OF THE INVENTION 
The present invention relates to a method of 
manufacturing a semiconductor device, and in particular 
to a method of manufacturing a semiconductor device, 
which has a pattern forming step. 

Conventionally, in manufacturing semiconductor 
devices, the following pattern forming process is used 
in many cases. First, a resist is applied on a thin 
film such as a silicon oxide film formed on a silicon 
substrate to form a resist film. Next, the resist film 
is pattern-exposed and developed so that a resist 
pattern is formed. Furthermore, using the resist 
pattern as an etching mask, a thin film such as 
a silicon oxide film or a surface of the silicon 
substrate is etched. Thereafter, the resist film is 
removed by ashing. 

By the way, in recent years, as the degree of 
integration of a device increases, a margin of 
dimension or the like tends to become narrow in the 



above pattern forming process. For this reason, in 
order to form a finer pattern with a high precision, 
a technique such as utilization of exposure light 
having a shorter wavelength, utilization of an 
antiref lection film for reducing influence of reflected 
light from a substrate, and decreasing the thickness of 
a resist film has been utilized. 

However, in order to achieve a pattern size of 
less than 0.2 /^m, the thickness of a resist film must 
be thinned down to 0.2 /^m or so. When the resist film 
is thin, of course, the thickness of the resist pattern 
is also made thin. Such a thin resist pattern is 
insufficient as a mask for etching, particularly, 
reactive ion etching (hereinafter, called RIE) for 
forming contact holes having a depth of 1 /im or more. 
Accordingly, in the above pattern forming process, it 
has been difficult to implement such a pattern forming 
with a high precision. 

As an effective method for solving such a problem, 
the following method is known. First, a polysilicon 
film where a high etching selectivity can be achieved 
is formed on a silicon oxide film. Next, a resist 
pattern is formed on the polysilicon film. Then, using 
the resist pattern as a mask, the polysilicon film is 
etched so that a polysilicon pattern is formed. 
Furthermore, using the polysilicon pattern as a mask, 
the silicon oxide film is etched. In the above manner. 
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a contact hole is formed in the silicon oxide film. 

In the above-mentioned method, the resist pattern 
is utilized for patterning the polysilicon film, and ~ 
the polysilicon pattern is utilized as a mask for 
5 patterning the silicon oxide film. Therefore, 

according to this method, it is possible to form 
a contact hole with a relatively high precision. 

In this method, however, the polysilicon pattern 
which has been used as the mask is removed by etching. 
10 For this reason, according to the above method, 

there occurs a problem that a portion of the silicon 
substrate exposed at a bottom of the contact hole is 
also etched. 

In the conventional pattern forming process, there 
15 are also problems other than the above. 

For example, when an organic SOG (Spin On Glass) 
film is used as an inter-layer insulating film, CF4/O2 
down flow ashing or O2 plasma ashing is utilized in 
order to remove the resist pattern which has been used 
2 0 for the pattern forming. When the resist pattern is 

removed by such a method, a reaction between organic 
components contained in the organic SOG film and oxygen 
radical or the like occurs. As a result, there occurs 
a problem that the composition in the organic SOG film 
25 varies and the dielectric constant e of the organic SOG 

film becomes larger than that of a design value. 

Also, as a structure where parasitic capacity 



between an upper wiring and a lower wiring can be 
reduced, an air wiring structure having no inter-layer 
insulating film has been proposed. The air wiring ~ 
structure is formed by a damascene process using a 
carbon film as a dummy layer in which wiring material 
is embedded. That is, first, a lower wiring is 
embedded in an insulating layer on a semiconductor 
substrate. Next, a carbon film is formed on the lower 
wiring and the insulating film by sputtering method. 
Thereafter, an Si02 film is formed on the carbon film, 
and a resist pattern is formed on the Si02 film. 
Furthermore, using the resist pattern as a mask, a 
wiring groove is formed in the carbon film by RIE 
method. Next, a thin film made of wiring material is 
formed such that it is embedded in the groove for 
wiring. A portion of the thin film positioned outside 
the wiring groove is removed using a chemical- 
mechanical polishing (CMP) method, so that the upper 
wiring is formed. Then, the carbon film is removed by 
O2 ashing step. Thus, the air wiring structure is 
formed . 

In the above-mentioned method, oxygen radical is 
supplied to the carbon film through the Si02 film to 
cause reaction between the oxygen radical and the 
carbon, so that the carbon film is removed. Therefore, 
the rate at which the carbon film is removed is 
affected largely by the Si02 film. That is, in the 



conventional method, there is a problem that it takes 
much time to form the air wiring structure. 

BRIEF SUMMARY OF THE INVENTION ~ 

An object of the present invention is to provide 
a method of manufacturing a semiconductor device, which 
has an improved pattern forming step. 

Another object of the invention is to provide 
a method of manufacturing a semiconductor device, which 
can realize a high dimension precision. 

Another object of the invention is to provide 
a method of manufacturing a semiconductor device having 
an excellent characteristic. 

Another object of the invention is to provide 
a method of manufacturing a semiconductor device, which 
can realize a high throughput . 

Still another object of the invention is to 
provide a method of manufacturing a semiconductor 
device, which prevents the underlayer of a film to be 
processed from being injured when a mask pattern is 
removed. 

Still another object of the invention is to 
provide a method of manufacturing a semiconductor 
device where increase in dielectric constant occurring 
when a mask pattern is removed from an insulating film 
containing organic components is suppressed. 

Still another object of the invention is to 
provide a method of manufacturing a semiconductor 
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device which has an air wiring structure capable of 
realizing a high throughput. 

According to the first aspect of the invention, 
there is provided a method of manufacturing a semicon- 
5 ductor device comprising the steps of forming a soluble 

thin film which is soluble in a dissolving liquid on a 
film to be processed which is formed on a semiconductor 
substrate, forming a mask layer on the soluble "thin 
film, forming a resist pattern on the mask layer, 

10 etching the mask layer using the resist pattern as 

a mask to form a mask pattern, etching the soluble 
thin film and the film to be processed using the mask 
pattern as at least a portion of a mask, and dissolving 
the etched soluble thin film in the dissolving liquid, 

15 thereby lifting off the mask pattern from the film to 

be processed. 

According to the second aspect of the invention, 
there is provided a method of manufacturing a semicon- 
ductor device comprising the steps of forming a soluble 

2 0 thin film which is soluble in a dissolving liquid on 

a film to be processed which is formed on a semiconduc- 
tor substrate, forming a first mask pattern on the 
soluble thin film, forming a mask layer on the first 
mask pattern such that an exposed portion of the 

25 soluble thin film is covered with the mask layer, 

etching back the mask layer such that an upper face of 
the first mask pattern is exposed and the portion of 



the soluble thin film covering the exposed portion of 
the soluble thin film remains to form a second mask 
pattern, removing the first mask pattern, etching the - 
soluble thin film and the film to be processed using 
the second mask pattern as a mask, and dissolving the 
etched soluble thin film in the dissolving liquid, 
thereby lifting off the second mask pattern from the 
film to be processed. 

According to the third aspect of the invention, 
there is provided a method of manufacturing a semicon- 
ductor device comprising the steps of forming a soluble 
thin film which is soluble in a dissolving liquid on 
a first insulating film which is formed on a semicon- 
ductor substrate, forming a resist pattern on the 
soluble thin film, etching the soluble thin film using 
the resist pattern as a mask to form a wiring groove, 
removing the resist pattern after the step of forming 
the wiring groove, forming wiring in the wiring groove 
in an embedding manner, forming a second insulating 
film on the wiring and the soluble thin film, forming a 
window portion in the second insulating film such that 
the soluble thin film is exposed at a bottom of the 
window portion, and dissolving the soluble thin film in 
the dissolving liquid to remove the soluble thin film. 

According to the fourth aspect of the invention, 
there is provided a method of manufacturing a semi- 
conductor device comprising the steps of forming 



an organosilicon compound film on a semiconductor 
substrate, forming a silicon oxide film on the 
organosilicon compound film, forming a resist pattern- 
on the silicon oxide film, etching the organosilicon 
compound film and the silicon oxide film using the 
resist pattern as a mask, and dissolving the etched 
silicon oxide film in the dissolving liquid, thereby- 
lifting off the resist pattern from the organosilicon 
compound film. 

As mentioned above, in the present invention, 
a soluble thin film which is soluble in a dissolving 
liquid is formed between a semiconductor substrate 
and a thin film having a predetermined pattern. Such 
a thin film can easily be removed without adversely 
affecting other members. 

Therefore, according to the first aspect, the mask 
pattern can be lifted off by dissolving the soluble 
thin film in the dissolving liquid. For this reason, 
unlike a case where a mask pattern formed of 
poly silicon is removed by etching, even when the 
semiconductor substrate is a silicon substrate, the 
mask pattern can be removed without damaging the 
substrate. Furthermore, according to the first aspect, 
since the resist pattern is utilized for patterning of 
the mask layer and the mask pattern obtained thereby is 
used as a mask for patterning the film to be processed, 
a patterning accuracy can be improved. That is. 
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according to the first aspect, it becomes possible to 
form a pattern at a high accuracy without damaging the 
substrate, or fabricate a semiconductor device having- 
an excellent characteristic. 
5 Also, according to the second aspect, for example, 

the first mask pattern is formed using the resist 
pattern as a mask, and the second mask pattern which 
is a reversed pattern of the first mask pattern* is used 
as a mask for patterning the film to be processed. 
10 Therefore, according to the second aspect, like the 

first aspect, it becomes possible to form a pattern 
at a high accuracy without damaging the substrate, or 
fabricate a semiconductor device having an excellent 
characteristic . 

15 According to the third aspect, since removal of 

the mask pattern from the film to be processed, namely, 
removal of the resist pattern from the organosilicon 
compound film is performed by the lif ting-off, it is 
unnecessary to use oxygen radical for removing the 

2 0 resist pattern. Therefore, increase in dielectric 

constant of the organosilicon compound film can be 
suppressed and an excellent characteristic can be 
realized. 

Furthermore, according to the fourth aspect, the 
25 soluble thin film is used as a dummy layer for forming 

the air wiring structure. In this case, the dummy 
layer can be removed without performing ashing where 



oxygen plasma is used. Therefore, a high throughput 
can be achieved. 

In the above-mentioned first to third aspects, it 
is preferable that the soluble thin film contains at 
least one compound selected from the group consisting 
of tungsten oxide, aluminum oxide, titanium oxide, and 
titanium nitride. Also, it is preferable that the 
dissolving liquid is either one of water or alkaline 
dissolving liquid. 

In the above-mentioned first and second aspects, 
it is preferable that the mask layer contains metal 
such as Si, W, Al, Ni, Ca and the like, or metal 
compound such as aluminum oxide, nickel oxide, titanium 
oxide, calcium fluoride, and the like. The first and 
second aspects are preferably applied to formation of 
a contact hole in the film to be processed. Also, it 
is preferable in the first and second aspects that 
a resist film having a thickness of 0.3 m or less is 
used for forming the resist pattern. 

In the third aspect of the invention, the soluble 
thin film can be removed by causing the dissolving 
liquid to contact with the soluble thin film through 
the window portion. Also, in the third aspect, prior 
to the step of forming the soluble thin film, the lower 
wiring can be formed such that it is embedded in the 
first insulating film. In this case, after the step 
of forming the wiring groove and before the step of 
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forming the lower layer wiring in the embedding manner, 
a via hole reaching the lower layer wiring is formed 
at the bottom of the wiring groove, and when the lower 
wiring is formed in the embedding manner, a plug 
5 electrode can be formed in the via hole. 

In the fourth aspect of the invention, the silicon 
oxide film can be formed, for example, by supplying 
gas containing activated oxygen onto a surface of the 
organosilicon compound film. Also, in the fourth 

10 aspect, for example, diluted oxygen fluoride can be 

used as the dissolving liquid, and a SOG film can be 
used as the organosilicon compound film. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 

15 in part will be obvious from the description, or may 

be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
obtained by means of the instrumentalities and combina- 
tions particularly pointed out hereinafter. 

2 0 BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

The accompanying drawings , which are incorporated 
in and constitute a part of the specification, illust- 
rate presently preferred embodiments of the invention, 
and together with the general description given above 

2 5 and the detailed description of the preferred embodi- 

ments given below, serve to explain the principles of 
the invention. 



FIGS. lA to IE are sectional views schematically 
showing a method of manufacturing a semiconductor 
device according to the first embodiment of the present 
invention, respectively; 

FIGS. 2A to 2G are sectional views schematically 
showing a method of manufacturing a semiconductor 
device according to the second embodiment of the 
present invention, respectively; 

FIGS. 3A to 3F are sectional views schematically 
showing a method of manufacturing a semiconductor 
device according to the third embodiment of the present 
invention, respectively; 

FIGS. 4A to 4E are sectional views schematically 
showing a method of manufacturing a semiconductor 
device according to the fourth embodiment of the 
present invention, respectively; and 

FIGS. 5A to 5F are sectional views schematically 
showing a method of manufacturing a semiconductor 
device according to the fifth embodiment of the present 
invention, respectively. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention will be described in 
detail with reference to the accompanying drawings . 
Incidentally, the same reference numerals denote 
the same or similar components in these drawings, and 
a duplicate explanation thereof will be omitted. 

FIGS. lA to IE are sectional views schematically 
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showing a method of manufacturing a semiconductor 
device according to the first embodiment of the present 
invention. As explained below, according to the first 
embodiment, a contact hole 19 shown in FIG. IE is 
5 formed using a resist film having a thickness of 0.3 p,m 

or less. 

As shown in FIG. lA, first, a silicon substrate 
11, which has a silicon oxide film 12 with a thickness 
of 1 /i m or more as a film to be processed on one main 

10 surface, is prepared. Next, predetermined coating 

solution is coated on the silicon oxide film 12, and 
the coating film thus obtained is baked so that a WO3 
film 13 with the thickness of 100 nm is formed as a 
soluble thin film. Thereafter, an AI2O3 film 14 is 

15 formed as a mask layer on the WO3 film 13 by sputtering 

process. Furthermore, predetermined coating solution 
is coated on the AI2O3 film 14, and the coating film 
thus obtained is baked so that an organic 
antiref lection film 15 with the thickness of 60 nm is 

2 0 formed. A resist film is formed on the organic 

antiref lection film 15, and the resist film is 
patterned by lithography technique so that a resist 
pattern 16 whose thickness is 200 nm is formed. 

Next, as shown in FIG, IB, patterning of the 

25 organic antiref lection film 15 by RIE using O2 gas and 

patterning of the AI2O3 film 14 by RIE using CI2/BCI3 
mixed gas are performed sequentially. Incidentally, 
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the film thickness of the AI2O3 film 14, namely, AI2O3 
pattern 14, after these etchings have been completed 
was 50 nm. 1 
Next, as shown in FIG. IC, the WO3 film 13 is 
5 etched by RIE method using CF4/Ar/02 mixed gas so that 

a surface of the silicon oxide film 12 is partially 
exposed. Incidentally, with etching the WO3 film 13, 
all of the resist pattern 16 and the organic 
antiref lection film 15 are removed. 

10 Then, as shown in FIG. ID, the silicon oxide film 

12 is etched by RIE method using C4F8 /CO/Ar/02 mixed 
gas, and a surface of the silicon substrate 11 is 
partially exposed. The RIE selectivity of the AI2O3 
pattern 14 to the silicon oxide film 12 is as high as 

15 20 or more. Accordingly, even when the thickness of 

the AI2O3 pattern 14 is as thin as 100 nm or so, it is 
possible to form a contact hole with the depth of 1 jam 
in the silicon oxide film 12. 

Furthermore, as shown in FIG. IE, the substrate 11 

2 0 is dipped in hot water of 60°C so that the WO3 film 13 

is dissolved in the hot water. By dissolution of WO3 
film 13, the AI2O3 pattern 14 was lifted off from the 
silicon oxide film 12 having the contact hole. Also, 
in this embodiment, since polysilicon is not used as 

25 an etching mask for patterning the silicon oxide film 

12, a surface of the silicon substrate 11 exposed at 
a bottom of the contact hole and the silicon oxide film 
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12 were hardly etched during the removal of the etching 
mask. Accordingly, a pattern with designed dimensions 
was obtained. i 
As described above, in this embodiment, the 
5 soluble thin film, the mask layer with a high RIE 

resistance, and the antiref lection layer are interposed 
between the film to be processed and the resist film. 
That is, in this embodiment, a low light reflectivity 
from the substrate necessary to form a fine resist 

10 pattern at a high accuracy, a sufficient RIE resistance 

required for a RIE mask, and a high removability 
necessary for the RIE mask are respectively realized by 
distinct thin films. According to such a structure, 
even when the thickness of the resist film is as thin 

15 as 200 nm or so, it becomes possible to form a contact 

hole with the depth of 1 jj.m with a high precision. 

Incidentally, in this embodiment, the hot water 
of 6 0°C has been used as the dissolving liquid for 
dissolving the WO3 film 13. However, hot water is not 

2 0 used as the dissolving liquid necessarily, and water 

with a ordinary temperature can be used as the same. 
Also, material constituting the mask layer 13 is not 
limited to WO3 . Besides tungsten oxide, soluble 
compound soluble in water or alkaline solution, such as 

25 aluminum oxide, titanium oxide, titanium nitride and 

the like can be used as the material for constituting 
the mask layer 13. 
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For example, the AI2O3 film dissolves in 0.08% 
TMAH ( tetramethylammonium hydroxide) aqueous solution 
at an etching rate of 470 A/min, while the Si film 
dissolves in 0.08% TMAH aqueous solution at an etching 
5 rate of several A/min. That is, when these thin films 

are etched with TMAH aqueous solution, a sufficiently 
high etching selectivity can be achieved. Accordingly, 
AI2O3 or the like can be used as material constituting 
the mask layer 13. 

10 Also, in the first embodiment, the mask layer 13 

has been constituted with WO3, but other materials can 
be used therefor. For example, the mask layer 13 can 
be constituted with material which can be etched by gas 
containing fluorine, namely material containing metal, 

15 metal oxide, metal fluoride, or the like generating 

fluoride whose vapor pressure is 5 to 10 Torr or less 
when etched with gas containing fluorine. As such 
materials, for example, material containing metal such 
as Si, W, Al, Ni, Ti, Ca and the like; material 

20 containing metal oxide such as aluminum oxide, nickel 

oxide, titanium oxide and the like; and material 
containing metal fluoride such as calcium fluoride and 
the like can be listed up. 

Furthermore, in the first embodiment, during the 

25 etching of the WO3 film 13, all of the resist pattern 

16 and the organic antiref lection film 15 have been 
removed, but they are not removed completely during the 
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etching of WO3 film 13. When the resist pattern 16 and 
the organic antiref lection film 15 remain, they may be 
removed prior to the etching of the silicon oxide film 
12, or they may be used as a portion of an etching mask 
5 for the silicon oxide film 12 without removing them. 

FIGS. 2A to 2G are sectional views schematically 
showing a fabrication process of a semiconductor device 
according to a second embodiment of the present 
invention. As explained below, according to the second 

10 embodiment, a pattern forming is performed by a process 

different from that explained in the first embodiment. 

First, as shown in FIG. 2A, a silicon substrate 
11, which has a silicon oxide film 12 with the 
thickness of 1 /zm as a film to be processed on one main 

15 surface, is prepared. Next, predetermined coating 

solution is coated on the silicon oxide film 12, and by 
baking the coating film thus obtained, a WO3 film 13 
with the thickness of 100 nm is formed as a soluble 
thin film. Thereafter, SOG is applied on the WO3 film 

20 13, and a SOG film 21 with the thickness of 200 nm is 

formed by baking the applied SOG. Next, an organic 
antiref lection film 15 is formed on the SOG film 21, 
and a resist pattern 22 whose thickness is 200 nm is 
formed on the organic antiref lection film 15. 

25 Next, as shown in FIG. 2B, the antiref lection film 

15 and the SOG film 21 are sequentially patterned by 
RIE method using the resist pattern 22 as a mask. 



Thereafter, the resist pattern 22 is removed by O2 
ashing. A first mask pattern is obtained by patterning 
the SOG film 21 in such a manner. - 

Next, as shown in FIG. 2C, predetermined coating 
5 solution is coated on the entire surface of the 

substrate 11 on which the SOG pattern 21 has been 
formed, and an AI2O3 film 2 3 is formed by baking the 
coating film. Incidentally, the AI2O3 film 23 Is 
formed such that it fills opening portions of the SOG 
10 pattern 21. Then, the surface of the substrate 11 on 

which the AI2O3 film 2 3 has been formed is subjected to 
planarization by CMP such that an upper surface of the 
SOG pattern 21 is exposed. As a result, the AI2O3 film 
23 is patterned and a reversed pattern constituted with 
15 AI2O3 is obtained as a second mask pattern. 

Next, as shown in FIG. 2D, the SOG pattern 21 is 
removed by a hydrofluoric acid treatment. 

Furthermore, as shown in FIG. 2E, the WO3 film 13 
is etched by RIE method using CF4/Ar/02 mixed gas, 
20 so that the surface of the silicon oxide film 12 is 

partially exposed. 

Thereafter, as shown in FIG. 2F, the silicon oxide 
film 12 is etched by RIE method using C4Fg/CO/Ar/02 
mixed gas, so that the surface of the silicon substrate 
25 11 is partially exposed. A contact hole is formed in 

the silicon oxide film 12 in the above manner. 

Furthermore, as shown in FIG. 2G, the substrate is 



- 19 



dipped in hot water of 60°C so that the WO3 film 13 is 
dissolved in the hot water and the AI2O3 pattern 23 is 
lifted off. 

In the second embodiment which has been explained 
5 above, the same effect as in the first embodiment can 

be obtained. 

FIGS. 3A to 3F are sectional views schematically 
showing a method of manufacturing a semiconductor 
device according to a third embodiment of the present 

10 invention, respectively. As explained below, according 

to the third embodiment, a pattern forming is performed 
by a process similar to one which has been explained 
regarding the second embodiment. 

First, as shown in FIG. 3A, a silicon substrate 

15 11, which has a silicon oxide film 12 with the 

thickness of 1 /zm as a film to be processed on one main 
surface, is prepared. Next, predetermined coating 
solution is coated on the silicon oxide film 12, and 
a WO3 film 13 with the thickness of 100 nm is formed 

2 0 as a soluble thin film by baking the coating film. 

Thereafter, a resist pattern 22 whose thickness is 
200 nm is formed on the WO3 film 13. In this aspect, 
the resist pattern 22 is used as a first mask pattern 
unlike the second aspect. 

2 5 Next, as shown in FIG. 3B, predetermined coating 

solution is coated on the entire surface of the 
substrate 11 on which a resist pattern 22 has been 
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formed, and an AI2O3 film 2 3 is formed by baking the 
coating film. Incidentally, the AI2O3 film 23 is 
formed such that it fills an opening portion of the ~ 
resist pattern 22. Thereafter, the AI2O3 film 23 is 
5 etched back to expose an upper surface of the resist 

pattern 22. As a result, the AI2O3 film 23 is 
patterned and a reversed pattern constituted with AI2O3 
is obtained as a second mask pattern. 

Next, as shown in FIG. 3C, the resist pattern 22 

10 is removed by developing treatment. 

Furthermore, as shown in FIG. 3D, the WO3 film 13 
is etched by RIE method using CF4/Ar/02 mixed gas, 
so that the surface of the silicon oxide film 12 is 
partially exposed. 

15 Then, as shown in FIG. 3E, the silicon oxide film 

12 is etched by RIE method using C4F8/CO/Ar/02 mixed 
gas, so that the surface of the silicon substrate 11 
is partially exposed. A contact hole is formed in the 
silicon oxide film 12 in the above manner. 

2 0 Furthermore, as shown in FIG. 3F, the substrate 

thus processed is dipped in hot water of 60°C so that 
the WO3 film 13 is dissolved in the hot water to lift 
off the AI2O3 pattern 23. 

In the third embodiment explained above, the same 

25 effect as in the first and second embodiments can be 

obtained. 

FIGS. 4A to 4E are sectional views schematically 
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showing a fabrication process of a semiconductor device 
according to the fourth embodiment of the present 
invention, respectively. As explained below, according 
to a fourth embodiment, an organic SOG film is used as 
5 a film to be processed, and variation in the dielectric 

constant of an organic SOG film caused by removing 
a mask pattern is suppressed. 

First, as shown in FIG. 4A, an organic SOG" film 
41 containing organic components in a predetermined 
10 concentration, for example, containing methylsiloxane 

in the concentration of 2 0 wt%, is formed on one main 
surface of a silicon substrate 11. 

Next, as shown in FIG. 4B, the organic components 
are removed from the surface of the organic SOG film 41 
15 by performing ©2 plasma processing to form a silicon 

oxide film 42 whose thickness is 40 nm. 

Next, as shown in FIG. 4C, a resist pattern 43 is 
formed on the silicon oxide film 42. 

Furthermore, as shown in FIG. 4D, the silicon 
2 0 oxide film 42 and the organic SOG film 41 are etched 

using the resist pattern 43 as a mask by RIE method 
using CF4/CHF3 mixed gas. 

Thereafter, as shown in FIG. 4E, the substrate is 
dipped in diluted hydrofluoric acid so that the silicon 
25 oxide film 42 is dissolved to lift off the resist 

pattern 43. At this time, the organic SOG film 41 was 
hardly etched by the hydrofluoric acid. 



According to the fourth embodiment explained 
above, since O2 ashing step is not used for removal of 
the resist pattern 43 but lift-off is used therefor, 
increase in dielectric constant a due to composition 
change of the organic SOG film 41 can be prevented . 

Incidentally, in this embodiment, the silicon film 
42 has been formed by performing O2 plasma processing 
on the surface of the organic SOG film 41, but "it is 
possible to use other processings. For example, the 
silicon oxide film 4 2 can be formed by CF4/O2 down flow 
ashing or O3 gas irradiation. 

Also, in the fourth embodiment, the pattern 
forming has been performed on the organic SOG film 41, 
but the above process can be applied to organosilicon 
compounds formed by CVD method or the like. 

FIGS. 5A to 5F are sectional views schematically 
showing a method of manufacturing a semiconductor 
device according to a fifth embodiment of the present 
invention. As explained below, according to the fifth 
embodiment, an air wiring structure is formed. 

First, as shown in FIG. 5A, lower wiring 52 is 
formed in an insulating film 51 which is a first 
insulating film and which is formed on a semiconductor 
substrate (not shown). Next, a WO3 film 53 whose 
thickness is 300 nm is formed as a soluble thin film on 
the insulating film 51 in which the lower wiring 52 has 
been formed. Thereafter, a resist pattern 54 is formed 
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on the WO3 film 53. Incidentally, the WO3 film 53 is 
used as a dummy layer for forming an air wiring 
structure. - 
Next, as shown in FIG. 5B, the WO3 film 53 is 
5 etched by RIE method using CF4/Ar/02 mixed gas, so that 

wiring grooves for forming upper wiring in an embedding 
manner are formed. 

Next, as shown in FIG. 5C, the resist pattern 
54 is removed by O2 ashing. Then, a resist pattern 

10 (not shown) is formed on the WO3 film 53. Furthermore, 

the WO3 film 53 is etched using the resist pattern as 
a mask, so that via holes are formed at bottom 
portions of the wiring grooves in the WO3 film 53. 
Incidentally, the resist pattern used for forming the 

15 via holes is removed by O2 ashing. 

Next, as shown in FIG. 5D, plug electrodes 55 and 
upper wiring 56 are formed in the via holes and the 
wiring grooves in the WO3 film 53 in an embedding 
manner. That is, an Al film is formed on the WO3 film 

20 53 by sputtering process such that it is embedded in 

the wiring grooves and the via holes of the WO3 film 
53, and thereafter, the surface of the Al film is 
planarized by CMP method to expose an upper surface of 
the WO3 film 53. 

25 Next, as shown in FIG. 5E, a silicon oxide film 

57 whose thickness is 200 nm is formed as a second 
insulating film on the WO3 film 53 by plasma CVD 
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method. 

Furthermore, as shown in FIG. 5F, a window portion 
(not shown) is formed in the silicon oxide film 57 such 
that a portion of the surface of the WO3 film 53 is 
5 exposed. The substrate is dipped in hot water of 60°C 

so that the WO3 film 53 is dissolved in the hot water. 
In the above manner, an air wiring structure is 
obtained - 

According to this embodiment, since the WO3 film 

10 53 which is a soluble thin film is used as the dummy- 

layer, wet etching can be utilized for removal of the 
dummy layer. That is, according to this embodiment, 
unlike a case where the dummy layer is constituted with 
carbon, it is unnecessary to use radical oxygen in 

15 order to remove the dummy layer and, therefore, the 

dummy layer can be removed in shorter time, namely the 
air wiring structure can be formed in shorter time. 

As described above, according to the present 
invention, a soluble thin film which is soluble in 

20 dissolving liquid is formed between a semiconductor 

substrate and a thin film having a predetermined 
pattern. Such a thin film can be removed easily 
without adversely affecting other elements. 

That is, by interposing this soluble thin film 

25 between a film to be processed and a mask pattern, 

the mask pattern can be removed by lif ting-off and, 
therefore, the mask pattern can easily be removed 
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without damaging an exposed portion of the substrate. 
Also, since it is unnecessary to use oxygen plasma or 
the like for removal of the mask pattern, even when - 
the film to be processed contains organic components, 
5 the mask pattern can be removed without changing its 

composition. Furthermore, when the soluble thin film 
is used as the dummy layer for forming the air wiring 
structure, wet etching can be utilized for removal of 
the dummy layer. 

10 Accordingly, when the resist pattern is utilized 

for patterning of the mask layer and the mask pattern 
thus obtained is used as a patterning mask for a film 
to be processed, it becomes possible to form a fine 
pattern at a high accuracy without damaging the 

15 substrate by interposing the soluble thin film between 

the film to be processed and the mask pattern. 

Also, the second mask pattern which is a reversed 
pattern of the first mask pattern is used as a mask 
for patterning a film to be processed, and it becomes 

20 possible to form a fine pattern with a high precision 

without damaging the substrate by interposing the 
soluble thin film between the film to be processed and 
the second mask pattern. 

Also, when the film to be processed is an 

2 5 organosilicon compound film, increase in dielectric 

constant of an organosilicon compound film produced 
when the mask pattern is removed can be suppressed 



by interposing a soluble thin film between the 
organosilicon compound film and the mask pattern. 

Furthermore, when a soluble thin film has been - 
used as a dummy layer for forming an air wiring 
structure, since wet etching can be utilized for 
removing the dummy layer, a high throughput can be 
achieved. 

That is, according to the present invention, there 
is provided a fabrication process of a semiconductor 
device, which has a largely improved pattern forming 
step as compared with the conventional art. 

Additional advantages and modifications will 
readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 
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WHAT IS CLAIMED IS: 

1 . A method of manufacturing a semiconductor 
device, comprising the steps of: ~ 

forming a soluble thin film which is soluble in 
a dissolving liquid on a film to be processed which is 
formed on a semiconductor substrate; 

forming a mask layer on the soluble thin film; 

forming a resist pattern on the mask layer; 

etching the mask layer using the resist pattern as 
a mask to form a mask pattern; 

etching the soluble thin film and the film to be 
processed using the mask pattern as at least a portion 
of a mask; and 

dissolving the etched soluble thin film in the 
dissolving liquid, thereby lifting off the mask pattern 
from the film to be processed. 

2 . A method according to claim 1 , wherein the 
soluble thin film contains at least one compound 
selected from the group consisting of tungsten oxide, 
aluminum oxide, titanium oxide, and titanium nitride. 

3. A method according to claim 1, wherein the 
dissolving liquid is either water or alkaline solution. 

4. A method according to claim 1, wherein the 
step of etching the soluble thin film and the film to 
be processed comprises forming a contact hole in the 
film to be processed. 

5. A method according to claim 1, wherein the 
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step of forming the resist pattern comprises forming 
a resist film with a thickness of 0.3 ;Lxm or more on 
the mask layer and patterning the resist film by photo- 
lithography technique to form the resist pattern. 
5 6 . A method of manufacturing a semiconductor 

device, comprising the steps of: 

forming a soluble thin film which is soluble in 
a dissolving liquid on a film to be processed which is 
formed on a semiconductor substrate; 
10 forming a first mask pattern on the soluble thin 

film; 

forming a mask layer on the first mask pattern 
such that an exposed portion of the soluble thin film 
is covered with the mask layer; 
15 etching back the mask layer such that an upper 

face of the first mask pattern is exposed and the 
portion of the mask layer covering the exposed portion 
of the soluble thin film remains to form a second mask 
pattern; 

2 0 removing the first mask pattern; 

etching the soluble thin film and the film to be 
processed using the second mask pattern as a mask; and 

dissolving the etched soluble thin film in the 
dissolving liquid, thereby lifting off the second mask 
25 pattern from the film to be processed. 

7. A method according to claim 6, wherein the 
soluble thin film contains at least one compound 



selected from the group consisting of tungsten oxide, 
aluminum oxide, titanium oxide, and titanium nitride. 

8. A method according to claim 6, wherein the - 
dissolving liquid is either water or alkaline solution. 

9. A method according to claim 6, wherein the 
step of forming the first mask pattern comprises : 

forming a first mask layer; 

forming a resist film with a thickness of *0 . 3 ij.m 
or less on the first mask layer; 

patterning the resist film by using photo- 
lithography technique to form a resist pattern; and 

etching the first mask layer using the resist 
pattern as a mask, thereby forming the first mask 
pattern . 

10. A method according to claim 7, wherein the 
step of etching the soluble thin film and the film to 
be processed comprises forming a contact hole in the 
film to be processed. 

11. A method of manufacturing a semiconductor 
device, comprising the steps of: 

forming a soluble thin film which is soluble in 
a dissolving liquid on a first insulating film which is 
formed on a semiconductor substrate; 

forming a resist pattern on the soluble thin film; 

etching the soluble thin film using the resist 
pattern as a mask to form a wiring groove; 

removing the resist pattern after the step of 
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forming the wiring groove; 

forming a wire in the wiring groove in an 
embedding manner; - 
forming a second insulating film on the wiring and 
5 the soluble thin film; 

forming a window portion in the second insulating 
film such that the soluble thin film is exposed at 
a bottom of the window portion; and 

dissolving the soluble thin film in the dissolving 
10 liquid to remove the soluble thin film. 

12. A method according to claim 11, wherein the 
soluble thin film contains at least one compound 
selected from the group consisting of tungsten oxide, 
aluminum oxide, titanium oxide, and titanium nitride. 
15 13. A method according to claim 11, wherein the 

dissolving liquid is either water or alkaline solution. 

14. A method according to claim 11, wherein the 
step of removing the soluble thin film comprises 
causing the dissolving liquid to contact with the 

2 0 soluble thin film through the window portion. 

15. A method according to claim 11, further 
comprising the step of forming a lower wiring in the 
first insulating film in an embedding manner prior to 
the step of forming the soluble thin film. 

25 16. A method according to claim 15, further 

comprising the step of forming a via hole reaching the 
lower wiring in a bottom of the wiring groove between 
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the step of forming the wiring groove and the step of 
forming the wire in the embedding manner, wherein the 
step of forming the wire in the embedding manner - 
comprises forming a plug electrode in the via hole. 
5 17. A method of manufacturing a semiconductor 

device, comprising the steps of: 

forming an organosilicon compound film on 
a semiconductor substrate; 

forming a silicon oxide film on the organosilicon 
10 compound film; 

forming a resist pattern on the silicon oxide 

film; 

etching the organosilicon compound film and the 
silicon oxide film using the resist pattern as a mask; 
15 and 

dissolving the etched silicon oxide film in the 
dissolving liquid, thereby lifting off the resist 
pattern from the organosilicon compound film. 

18. A method according to claim 17, wherein 
20 the silicon oxide film is formed by supplying gas 

containing activated oxygen on a surface of the 
organosilicon compound film. 

19. - A method according to claim 17, wherein the 
dissolving liquid is diluted hydrofluoric acid. 

25 20. A method according to claim 17, wherein the 

organosilicon compound film is a SOG film. 
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ABSTRACT OF THE DISCLOSURE 
According to the present invention, there is 
provided a method of manufacturing a semiconductor i. 
device, where a soluble thin film which is soluble in 
5 a dissolving liquid is used. According to the method 

of the present invention, when a soluble thin film is 
formed between a film to be processed which should be 
patterned and a mask pattern, it becomes possible to 
remove the mask pattern by lif ting-off. On the other 
10 hand, when the thin film is used for a dummy layer for 

forming an air wiring structure, the dummy layer can be 
removed without performing ashing using oxygen plasma. 
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